Flame photometry has many applications, and in the clinical field its use in the estimation of serum sodium and potassium is now well established. Difficulties have been encountered in the estimation of serum calcium by flame photometry, since the emission spectrum of calcium is relatively weak and is subject to interference by the presence of other ions, e.g., sodium. Although many methods have been published in America, using chiefly the Beckman DU spectrophotometer with flame attachment and an oxy-acetylene flame (Severinghaus and Ferrebee, 1950; Mosher, Itano, Boyle, Myers, and Iseri, 1951 ; Kingsley and Schaffert, 1953), only two procedures have been described using the Eel flame photometer (Powell, 1953; Llaurado, 1954) which is the most used British commercial instrument. Consequently in this country, at least, serum calcium is still widely estimated by the classical permanganate titration method. This method, which gives reproducible results in skilled hands, can lead to gross errors with faulty technique and is not suitable if much less than 2 ml. serum is available. Furthermore, the results obtained may not necessarily give the true amount of calcium present. Insufficient washing of the calcium oxalate precipitate leads to high results due to the presence of titratable ammonium oxalate, and too much washing produces low results on account of loss of calcium oxalate in the washing fluid. In flame-photometric methods similar problems are present. Excess oxalate depresses the emission of the calcium flame, sodium and potassium have a positive interference effect, and the possibility of loss of calcium in the washing fluid is still present. An attempt has been made to overcome these difficulties. Owing to the increasing demand for serum calcium estimations in infants, a micro-calcium method, simple to perform and sufficiently accurate and reliable for the routine estimation of serum calcium, is very desirable. The aim of the author has been to devise such a method using 0.2 ml. serum and the Eel flame photometer.
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Preliminary Experiments
On a micro scale the direct determination of serum calcium, i.e., by simple dilution, requires primarily a sensitive flame photometer. The Eel instrument does not possess the required sensitivity, and it was therefore decided that calcium would have to be separated first as oxalate. Llaurado (1954) has studied the effect of Na+, K+, and oxalate ions on the estimation of serum calcium by flame photometry after preliminary separation of calcium oxalate. He uses a " washing" technique which eliminates the effect of Na+ and K+, but in order to remove the interference due to oxalate he heats the calcium oxalate precipitate at 300 to 400' C. overnight in a furnace, destroying any ammonium oxalate remaining after precipitation and converting the calcium oxalate into calcium carbonate. As a standard, calcium carbonate in dilute hydrochloric acid is used so that both standard and unknown contain the same ions. The heating of the calcium oxalate precipitate delays the completion of the analysis and increases the possibility of loss of precipitate which can easily occur if the calcium oxalate is incompletely dried before being placed in the furnace. It was thought advisable to avoid this stage, if possible, and as a first step it was decided to use an acid solution of calcium oxalate as standard. This solution, made from calcium carbonate and oxalic acid, contains equimolecular proportions of calcium and oxalic acid in 0.5 N H2S04.
A further stage in the development of the micro method was to increase the sensitivity of the flame photometer. This can be done directly by increasing the working air pressure above the usual 10 lb. /sq. in. or indirectly by increasing the emission of the sprayed solution. When the air pressure is increased a greater flow of gas is required, and some difficulty may be experienced in working the instrument at higher pressures if the gas supply is poor. Occasionally in this department the gas supply falls below the minimum requirements in the period immediately before lunch, but at all other times the instrument works satisfactorily at 15 lb./sq. in. air pressure. The lunch-time period is now avoided for spraying and no further difficulty has been experienced. The makers have E. C. BUTTERWORTH reason, the gas pressure remains persistently too low to work at 15 lb./sq. in. air pressure satisfactory results can be obtained at 10 lb. pressure, although there is some loss in sensitivity and the galvanometer readings are reduced by about 25%,. Recovery experiments at 10 lb. pressure are given in Table IV . Except where stated, the results which follow were all obtained using an air pressure of 15 lb./sq. in. Kingsley and Schaffert (1954) increase the sensitivity by the use of organic solvents. Their procedure is a direct method using acetone-glacial acetic acid-water mixture (27:9:4), with the addition of 0.020°.
"sterox (a non-ionic wetting agent) as the diluting fluid. An exhaustive search for suitable organic solvents has not been made, but experiments carried out using standard calcium oxalate in 0.5 N H2SO4 diluted with aqueous solution of the aliphatic alcohols -methyl, ethyl, iso-propyl, and propyl showed that the sensitivity increased according to the homologous series (Table I) . After further investigation 100(, (v/v) propyl alcohol was chosen as a suitable solution which would increase the sensitivity, yet at the same time give a steady galvanometer reading. Water reading= 13-0.
Calciumi oxalate standard (10 mg.%), I ml., in 0 5 N H.,SO4 diluted with 3 ml. alcoholic solution or 3 ml. water before spraying.
The next objective was to obtain the relationship between galvanometer readings and calcium concentrations in acid solutions of calcium oxalate, diluted with 101)(, propyl alcohol. With the flame and instrument set according to the directions given in the experimental section, it was found that a linear relationship exists over a range 5.0 to 20.0 mg. Ca0O. Typical curves are given in Fig. 1 . Readings vary slightly with different flame conditions and also quite markedly with different atomizers. The latter may be due to different cooling effects of the liquid when sprayed through atomizers of different bore. On account of this variability results for unknown solutions are obtained by interpolation with two standards in a similar manner to that used in the method of Llaurado (see experimental section). Oxalate Interference.-The degree of interference of excess oxalate ions on standard calcium oxalate solutions was next determined.
No interference was observed until a large excess of ammonium oxalate was present (Table 11 ). It seems unlikely that sufficient ammonium oxalate will remain to interfere after serum calcium has been precipitated with saturated ammonium oxalate. If, however, serum calcium can be precipitated with a weaker solution of ammonium oxalate, which itself causes no interference, the problem of any interference from excess oxalate remaining after precipitation no longer exists. It has been established by comparing results with those obtained by the method of Llaurado that 0.4 ml. of a 1/5 dilution of saturated ammonium oxalate is sufficient to precipitate the calcium in 0.2 ml. serum in half an hour. Sodium and Potassium Interference.-Calcium oxalate is precipitated from 0.2 ml. serum by the addition of dilute ammonium oxalate solution. The precipitate is centrifuged, drained for 10 min., and dissolved in 1 ml. 0.5 N H2SO4, when 2 ml. 100/ propyl alcohol is added and the Na+ and K+ concentrations of the solution found by flame photometry using a blank solution (1 ml. 0.5 N H2SO4+2 ml. 10% propyl alcohol) for adjusting the galvanometer to zero. Results are given in Table III 
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group.bmj.com on October 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from both Na+ and K+, when added to standard calcium oxalate solutions (5, 10, and 15 mg.%) to give final concentrations of 0.6% Na and 0.06°/ K, has no effect on the standard galvanometer readings. As the concentrations of Na and K found do not exceed these figures, it is unnecessary, using dilute ammonium oxalate for precipitation, to wash the calcium oxalate precipitate before dissolving it in acid.
Recovery of Ca+ + Added to Serum. Calcium is added to serum to cover a wide range. Results show satisfactory recovery both at 15 lb. and 10 lb./sq. in. air pressure, and are given in Table IV together with the results obtained by the method of Llaurado. Comparison of Flame Photometric and Permanganate Methods.-Results obtained with the flamephotometric method agree reasonably closely with those of the permanganate titration method of Clark and Collip (1925) and are given in Table V . There is good agreement between duplicate estimations by the micro method, the galvanometer readings differing at the most by I division, which corresponds to a difference of 0.3 mg.% Ca in the final result. Ammonium Oxalate Solution. This is a saturated solution diluted 1 in 5 with glass-distilled water. Sulphuric Acid 0.5 N.-Concentrated H2SO4, 14 ml., is made up to 1 litre with glass-distilled water.
Propyl Alcohol 10% v/v. Stock Calcium Oxalate Standard.-Dried CaCOsAR, 250 mg., is dissolved in 150 ml. 0.5 N H2S04. The solution is boiled to remove carbon dioxide, cooled and transferred to a 500 ml. volumetric flask, washing in with a further 200 ml. 0.5 N H2SO4. Then 315 mg. oxalic acid A.R., dissolved in a minimum quantity of glass-distilled water, is added followed by 150 ml. 0.5 N H2SO4. The solution is then made to 500 ml. with glassdistilled water (1 ml. =0.2 mg. Ca).
Working Standard Calcium Solutions.-The above solution is diluted 5 in 100, 10 in 100, and 15 in 100 with 0.5 N H2SO4 (1 ml. of these solutions corresponds respectively to 5 mg., 10 mg., and 15 mg.% Ca when 0.2 ml. serum is used).
Method.-Glass-stoppered centrifuge tubes are used to facilitate mixing of the final solution and to avoid any contamination. Grade A pipettes are used throughout. To the centrifuge tube are added serum (0.2 ml.) and ammonium oxalate solution (0.4 ml.). The solutions are mixed by gentle "flicking" and allowed to stand for 30 minutes. At the end of this time the tube is centrifuged for 10 minutes at 2,500 r.p.m., the supernatant liquid carefully decanted, and the tube allowed to drain for 10 minutes on a filterpaper. The end and inside of the tube are then wiped with a rolled-up piece of clean filter-paper, 0.5 N H2SO4 (1 ml.) added, and the calcium oxalate precipitate dissolved by placing the tube in a boiling water bath for two minutes. After cooling 10%v
propyl alcohol (2 ml.) is added and the solutions well mixed by inversion several times. Standard calcium solutions (1 ml.) are diluted with 10%1 propyl alcohol (2 ml.) in glass-stoppered tubes and well mixed. The solutions are now ready for spraying, which is done in smaller beakers than those supplied with the instrument. Pyrex micro beakers (capacity 5 ml.) are satisfactory. Instrument Setting.-With the calcium filter (supplied by the makers of the flame photometer) in place and the potentiometer dial turned fully clockwise to position 1, the gas is turned on, lit, and the air pressure adjusted to 15 lb./sq. in. A blank solution (1.0 ml. 0.5 N H2SO4+2.0 ml. 10% propyl alcohol) is sprayed and the gas reduced during the spraying until the separate cones appear. For constant readings the cones should not coalesce when the solutions are sprayed. After an initial warming-up period of about five minutes the galvanometer is adjusted to zero with the blank solution and the test or standard solution is sprayed. The galvanometer remains steady at maximum deflection and readings can be estimated to 4 division on the lower scale (1 division=2 units). In later models of the flame photometer this scale is the only one provided. A standard solution (10 mg. Ca00) is sprayed before the test and another standard solution (5 mg. or 15 mg. Ca00/) after the test. The zero is checked and adjusted if necessary by spraying the blank solution between each reading. If the test contains <10 mg.% Ca the 5 mg. standard is sprayed, and if >10 mg. Ca% the 15 mg. standard is used. The concentration of the calcium in the unknown solution is calculated by interpolation as follows:
T-S1 S2-SI T-S2 S3-S2 ,, 15 mg. standard The concentration of calcium in the test will then be (5+x) or (10+x) mg.%.
Summary
A method for the micro estimation of serum calcium is described using 0.2 ml. serum and the Eel flame photometer. The sensitivity of the instru-ment is increased by working at 15 lb./sq. in. air pressure and using 10 % propyl alcohol in the sprayed liquid. Satisfactory recovery of calcium in human serum is shown, and results obtained show good agreement with those using the flame photometric method of Llaurado.
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